We report on a superoutburst of the AM CVn-type object SDSS J090221.35+381941.9 [J0902; orbital period 0.03355(6) d] in 2014 March-April. The entire outburst consisted of a precursor outburst and the main superoutburst, followed by a short rebrightening. During the rising branch of the main superoutburst, we detected growing superhumps (stage A superhumps) with a period of 0.03409(1) d. During the plateau phase of the superoutburst, superhumps with a shorter period (stage B superhumps) were observed. Using the orbital period and the period of the stage A superhumps, we were able to measure the dynamical precession rate of the accretion disk at the 3:1 resonance, and obtained a mass ratio (q) of 0.041(7). This is the first successful measurement of the mass ratio in an AM CVn-type object using the recently developed stage A superhump method. The value is generally in good agreement with the theoretical evolutionary model. The orbital period of J0902 is the longest among the outbursting AM CVn-type objects, and the borderline between the outbursting systems and systems with stable cool disks appears to be longer than had been supposed.
Introduction
AM CVn-type objects are a class of cataclysmic variables (CVs) composed of an accreting white dwarf and a mass-transferring helium white dwarf (secondary star). The orbital periods (P orb ) of AM CVn-type objects are in a range of 5 and 65 min, and comprise the population of the shortest-P orb CVs [for recent reviews of AM CVn-type objects, see e.g. Nelemans (2005) ; Solheim (2010) ].
AM CVn-type objects have recently been becoming an interesting topic in astrophysics because some of them are considered as the most promising objects for direct detection of the gravitational wave radiation (e.g. Nelemans 2003) . Some AM CVn-type objects are also considered as progenitors of a population of type-Ia supernovae (Solheim, Yungelson 2005) . Three evolutionary paths have been proposed to form AM CVn-type objects, and they have been widely discussed both in terms of theoretical population synthesis and observations (see e.g. Solheim 2010 ).
Still, basic parameters of AM CVn-type objects, such as mass ratios (q = M 2 /M 1 ), are difficult to measure observationally and this difficulty has hindered the comparison between the theory and observation. This difficulty partly comes from the difficulty in directly detecting the secondary and there have been attempts to estimate the mass ratios by using the Doppler tomography of the accretion disk (Marsh 1999; Nelemans et al. 2001b; Roelofs et al. 2006) .
Many AM CVn-type objects show superhumps, which arise as a result of the precession of the eccentric accretion disk deformed by the 3:1 resonance with the secondary (Whitehurst 1988; Hirose, Osaki 1990 ). The fractional superhump excess (ε ≡ P SH /P orb − 1, where P SH is the superhump period) reflects the precession rate, and the empirical relation between ε and q (such as Patterson 1998 , Patterson et al. 2005 , which has been developed and calibrated for hydrogen-rich CVs, has been used to estimate the q values.
This method, however, suffers from the unknown degree of the pressure effect (e.g. Pearson 2007 ). There has been only one direct measurement of the q value in an AM CVn-type object by analyzing eclipses in SDSS J092620.42+034542.3 (Copperwheat et al. 2011) . The only other known eclipsing AM CVn-type object, PTF1 J191905.19+481506.2, is only partially eclipsing and the q value has not been determined (Levitan et al. 2014) .
In the last two years, however, there has been a great progress in understanding the precession rate in the superhumping accretion disk, and it has become clear that the superhumps in the growing stage during the superoutburst reflects the dynamical precession rate at the radius of the 3:1 resonance (Kato, Osaki 2013) . Although this method was initially developed for hydrogen-rich CVs, it is expected to be applicable to AM CVn-type objects since it only depends on dynamics. Here, we present the first successful result.
2. SDSS J090221.35+381941.9 SDSS J090221.35+381941.9 (hereafter J0902) is an AM CVn-type object selected by color using the Sloan Digital Sky Survey (SDSS) (Rau et al. 2010) . Rau et al. (2010) obtained time-resolved spectra of this object and identified the orbital period of 48.31(8) min [0.03355(6) d] from the radial velocity variations of the emission lines. Although the continuum could be well reproduced by a blackbody of 15000 K, the lack of the broad absorption lines suggested that the accreting white dwarf is either cooler than 15000 K or the additional component contributes to the continuum.
The emission-line spectrum in Rau et al. (2010) was indicative of an AM CVn-type object with a cold, quiescent disk, unlike a thermally stable disk as in AM CVn. No outburst was recorded in this system in the past.
On 2014 March 6, D. Denisenko detected an outburst from the MASTER-Kislovodsk (see Gorbovskoy et al. 2013 for the MASTER network) images (vsnetalert 16982).
1 The object experienced a very rapid fading (vsnet-alert 16986, 16988) at a rate of 2.3-2.9 mag d −1 . This outburst turned out to be a precursor outburst. The object started rising on March 12 (vsnet-alert 17016) and went into a superoutburst on March 15-16 accompanied by developing superhumps (vsnet-alert 17023).
Observation and Analysis
The data were acquired by time-resolved unfiltered and V -band CCD photometry using 30-40cm class telescopes by the VSNET Collaboration (Kato et al. 2004 ) and the public data from the AAVSO International Database.
2 . All the observed times were corrected to Barycentric Julian Date (BJD). Before making the analysis, we corrected zero-point differences between different observers by adding a constant to each observer. For the outbursting CVs, the magnitude system of the unfiltered CCD observations is close to V . The details of the observations will be presented in a separate paper.
The data analysis was performed just in the same way described in Kato et al. (2009) and Kato et al. (2012) . The times of superhump maxima were determined using the template fitting method as described in Kato et al. (2009) after de-trending the global variation due to the outburst by using the locally-weighted polynomial regression (LOWESS : Cleveland 1979) . The superhump periods were determined using phase dispersion minimization (PDM; Stellingwerf 1978) for period analysis and 1σ errors for the PDM analysis were estimated by the methods of Fernie (1989) and Kato et al. (2010) .
1 VSNET-alert archive can be accessed at <http://ooruri.kusastro.kyoto-u.ac.jp/pipermail/vsnet-alert/>. 2 <http://www.aavso.org/data-download>. 
Results

Outburst
Following the precursor outburst, the object remained in a state ∼2 mag brighter than quiescence for 4 d (lower panel of figure 1 ). The object then started to brighten slowly, and the final rise to a superoutburst took place on BJD 2456733. After reaching the temporary maximum, the object again started fading (BJD 2456735-2456737) . This fading episode (we call it a "dip") was, however, temporary and the object then entered a plateau phase of the superoutburst for the next 6 d. The object then started fading from the superoutburst on BJD 2456743 at a rate of ∼1.8 mag d −1 . The object then remained around magnitude 17 (∼3 mag brighter than quiescence) for 9 d. There was at least one post-superoutburst rebrightening on BJD 2456754-2456755. The fading from this rebrightening was also very rapid (∼2.1 mag d −1 ).
Superhumps
Superhumps started to appear during the slowly rising phase following the precursor (upper panel of figure 2 ). The superhumps observed in this interval had a long period, and this long period was observed for ∼102 cycles (upper panel of figure 1 ). During the maximum before the temporary dip in the early part of the superoutburst, the period variation became more complex and the orbital period was detected as a transient signal. Following this temporary dip, the superhump period stabilized to a shorter period (lower panel of figure 2 ). There was a jump in the phase following the dip. The phase jump was significantly smaller than 0.5 phase, and this jump did not resemble a transition to the so-called "traditional" late superhumps (Vogt 1983) . After a further ∼140 cycles, the period again decreased discontinuously. Based on the similarity of the O −C diagram to those of recently identified candidate period bouncers in hydrogenrich CVs Nakata et al. 2014 ), we identified E = 0-102 (see upper panel of figure 1 ) as the growing stage of superhumps (stage A) and 206 ≤ E ≤ 340 as stage B and E ≥ 340 as stage C (for the superhump stages and the typical behavior in hydrogen-rich systems, see Kato et al. 2009 ). Although superhumps were continuously seen after the fading from the superoutburst plateau, the individual times of maxima are not shown on this figure due to the large errors in determination. There was a transition phase between stage A and B, which is unique to this object. The mean superhump periods in stages A, B and C were 0.03409 (1) 
Discussion
Outburst in a Long-Period AM Canum Venaticorum Star
Mass transfer in AM CVn-type objects is believed to be mainly powered by the gravitational wave radiation. Since the secondary is degenerate, the orbital period becomes longer as the secondary transfers the matter. As the systems evolve, the mass-transfer rates quickly decrease (Tsugawa, Osaki 1997; Nelemans et al. 2001a) . It is known that helium accretion disks are prone to thermal instability, as well as in hydrogen-rich CVs, and systems with intermediate mass-transfer rates show dwarf nova (DN) type outbursts (Tsugawa, Osaki 1997 ). This condition is usually considered to be achieved in systems with orbital periods of 20-40 min (Nelemans 2005 ). Long-P orb objects like GP Com (P orb =46.57 min) have never shown an outburst and are considered to have sufficiently low mass-transfer rates and possess stable cool disks. These expectations have generally been confirmed by observations (e.g. Ramsay et al. 2012) .
J0902 has the longest P orb among AM CVn-type objects which have ever shown outbursts [the previous record was CSS J045019.7−093113 having a superhump period of 47.28(1) min with some uncertainty in alias selection (Woudt et al. 2013) ]. Nelemans (2005) suggested that the transition to the stable cool disks (without dwarf nova outbursts) happens between orbital periods of 34 and 39 min. The existence of two dwarf nova-type objects (J0902 and CSS J045019.7−093113) indicates that this transition happens in longer orbital periods (47-48 min). It would be an interesting question whether GP Com may undergo an outburst or whether GP Com has different properties despite the similarity of its orbital period with J0902.
Slow Evolution of Superhumps
In this object, it took more than 100 cycles to develop fully grown superhumps. AM CVn-type systems (at least for object with long orbital periods) are expected to have a very light secondary, and the small mass ratio is most likely responsible for the long duration of stage A since the growth rate of the superhumps is known to be proportional to q 2 (Lubow 1991; see a discussion in ). This finding is also compatible with the q estimation in the following subsection.
Estimation of the Mass Ratio from Stage A Superhumps
According to Kato, Osaki (2013) , the precession frequency of stage A superhumps reflects the dynamical precession rate of the eccentric disk at the radius of the 3:1 resonance. The fractional superhump excess in frequency unit ε * ≡ 1 − P orb /P SH for stage A superhumps is 0.0158(18). This value corresponds to q=0.041(7) (see table 1 or figure 2 in Kato, Osaki 2013) . This result became the first measurement of the q value by this method in an AM CVn-type system. Since most of the error in q comes from the uncertainty in P orb , this q value will be improved by further refinement of P orb .
The q value of 0.041(2) for the eclipsing system SDSS J092620.42+034542.3 (P orb =28.31 min) is comfortably close to the current estimate of J0902 (figure 3). The location of J0902 seems to be consistent with the theoretical evolutionary track representing the mass-radius relation for a semi-degenerate secondary [Tsugawa, Osaki (1997) ; see e.g. Yungelson (2008) for more detailed modeling].
The commonly used relation between fractional superhump excess and q [such as Patterson (1998) , Patterson et al. (2005) , Kato et al. (2009) ] has uncertain errors due to the unknown pressure effect (cf. Kato, Osaki 2013) , which is particularly the case for AM CVn-type objects (Pearson 2007) . The value of ε * =0.0047 (18) (9) in Tsugawa, Osaki (1997) and assumed a 0.8 M ⊙ primary.
superhumps in J0902 corresponds to q=0.025(10) by the traditional method in Patterson et al. (2005) ; it is probable that the traditional method highly underestimate q values in AM CVn-type objects. We therefore did not include q values from superhumps (other than stage A) in figure 3. We propose that stage A superhumps provide an efficient and reliable tool for studying the evolutionary track of AM CVn-type objects.
Pressure Effect in Helium Disks
Pearson (2007) suggested that the pressure effect in helium disks may be higher than in hydrogen-rich disk since the ionization temperature is higher.
According to Lubow (1992) , the apsidal precession frequency (ν pr ) can be written as a form:
where the first term, ν dyn , represents a contribution to disk precession due to the dynamical force of the secondary, giving rise to prograde precession; the second term, ν pressure , the pressure effect giving rise to retrograde precession; and the last term, ν stress , the minor wave-wave interaction. If we neglect the last term, we can estimate the contribution of the pressure effect by estimating ν pressure /ν orb , where ν orb is the orbital frequency. In stage A, only ν dyn contributes to the disk precession and in stage B, the combined effect of ν dyn and ν pressure is expected. We can thus estimate ν pressure /ν orb by evaluating the difference between ε * for stages A and B (see also Nakata et al. 2014) .
In J0902, ε * (stage A)−ε * (stage B) is 0.012, which is not particularly larger than those in hydrogen-rich systems [0.010-0.015, figure 16 in Kato et al. (2009) ; see also Nakata et al. (2013) ]. It will be worth pointing out that the superhump period for stage B superhumps may be shorter than the orbital period if q is sufficiently small. This is expected to happen for q ≤ 0.03 (Kato, Osaki 2013) . If AM CVn-type dwarf novae with longer P orb were to undergo superoutbursts, such a situation may be observed. The contribution of the pressure effect in helium disks needs to be examined further using more samples.
Transient Appearance of Orbital Signal
During the rising branch to the superoutburst maximum, a signal with a period very close to the orbital period was detected (vsnet-alert 17043) . This signal was at the time considered to be early superhumps, which are supposed to arise from the 2:1 resonance in very low-q systems (cf. Osaki, Meyer 2002; Kato 2002) . A similar period was also recorded during the late stage of the plateau phase and a competition between the 3:1 and 2:1 resonance was suggested (vsnet-alert 17082).
We re-examined this behavior. The variation of the superhump periods is shown in figure 4 . The initial long period corresponds to stage A superhumps. There was a phase of transition between stage A and stage B, during which the period of superhumps showed a large variation. The initial appearance of the orbital signal corresponds to this phase (BJD 2456732). The second appearance was on a smooth continuation of stage B to C superhumps (around BJD 2456743). It is evident from this figure that the reported second appearance of the orbital signal was on the smooth extension of ordinary superhumps, and the period was slightly different from the orbital one. A combination of a very small q, shrinkage of the disk radius and the pressure effect apparently reduced the precession rate very close to zero. The situation for the initial appearance is less clear. Since the period was so close to the orbital period and the subsequent variation of the periods and the light curve were not regular, it may be indeed the case that the competition with the 2:1 resonance played some role in this phase. The profile of the superhumps in this phase, however, was not doubly humped as are commonly seen in early superhumps (Kato 2002) .
The lack of long-lasting phase of early superhumps, which are commonly seen in WZ Sge-type dwarf novae (low-q, hydrogen-rich dwarf novae), can be understood considering that the main superoutburst apparently started as an inside-out-type (slowly rising) outburst, and the disk could not expand sufficiently to fully establish the 2:1 resonance. Such a phenomenon may be similar to those in candidate period bouncers, which are very low-q hydrogen-rich systems (Nakata et al. 2014 ).
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